THE proliferation of T-lymphocytes is dependent upon their ability to synthesize and secrete the cytokine, interleukin-2, and to express cell surface receptors for interleukin-2 and transferrin. We have previously reported that certain fatty acids inhibit mitogen-stimulated T-lymphocyte proliferation. We now report that unsaturated fatty acids decrease the concentration of interleukin-2 in the culture medium of such cells by up to 45%. This suggests that unsaturated fatty acids inhibit lymphocyte proliferation by suppressing interleukin-2 production. However, lymphocyte proliferation was only partially restored by addition of exogenous interleukin-2 to cell culture medium in the presence of unsaturated fatty acids, indicating that these fatty acids also affect other processes involved in the control of proliferation. Saturated fatty acids, which also inhibit lymphocyte proliferation, did not affect the interleukin-2 concentration in the culture medium suggesting a different mechanism for their action. Neither saturated nor unsaturated fatty acids affected the expression of the interleukin-2 receptor by mitogenstimulated lymphocytes. In contrast, unsaturated fatty acids decreased expression of the transferrin receptor by up to 50%. These observations suggest that the mechanism by which unsaturated fatty acids inhibit lymphocyte proliferation involves suppression of interleukin-2 production and of transferrin receptor expression. The mechanism for the inhibitory action of saturated fatty acids is not clear.
Introduction
T-lymphocytes are activated by interaction with stimuli such as antigens, mitogens or antibodies directed against cell surface structures. Activation of T-cells results in production of interleukin-2 (IL-2) and appearance on the cell surface of receptors for IL-2 and for transferrin. Although the expression of IL-2 receptors precedes that of transferrin receptors, 1'2 the appearance of both types of receptor is crucial for subsequent proliferation of the activated T-cell. [2] [3] [4] Proliferation of such cells also requires the continued production of IL-2. 5'6 Therefore, a decrease in the rate of IL-2 production or in the expression of the receptors for IL-2 or for transferrin would be expected to decrease the rate of T-lymphocyte proliferation. Indeed, defects in 1L-2 production result in a decreased in vitro response to mitogens, 5- (Table  3 ). The proportion of lymphocytes expressing the transferrin receptor was decreased by 50% in the presence of some polyunsaturated fatty acids (Table  3) . Rat lymph node lymphocytes were cultured in the absence or presence of Con A and 100 #M fatty acid-albumin complexes.
After 48 h the cells were collected, washed and incubated with monoclonal antibodies to the IL-2 receptor or transferrin receptor. After washing, the cells were incubated with RAM-FITC. After further washing, the cells were examined by FACS analysis. Data are the percentage of cells staining positive for each receptor, and are for a single, representative, cell preparation.
Discussion
We have previously shown that fatty acids, in particular polyunsaturated fatty acids, inhibit Con A-stimulated proliferation of rat lymph node and human peripheral blood lymphocytes in culture. 11'16 Fatty acids also inhibit lipopolysaccharide-stimulated proliferation of rat lymph node lymphocytes. 17 In these studies, the (Table 3) , resulting in decreased lymphocyte proliferation (Table 2 ). In support of this, it has been shown that other agents which perturb membrane structure and/or fluidity also inhibit IL-2 production by T-lymphocytes. 27 These agents include ethanol, cyclosporin A, 28 7,25-dihydroxycholestero129 and some carcinogens. ' 1 Cyclosporin A also suppresses transferrin receptor expression. 2'3 In addition to an effect mediated via altered membrane fluidity, fatty acids could have a direct effect on transferrin receptor expression. The transferrin receptor is post-translationally acylated with palmitate 34 and it is known from work with a cell-free system that other fatty acids can substitute for palmitate. 35 The 36 Therefore, in the present study it is possible that the palmitic acid residue, which may be critical for transferrin receptor expression, has been replaced by other acyl groups; this could result in the down-regulation of transferrin receptor expression observed in the presence of unsaturated fatty acids (Table 3) . Interestingly, the IL-2 receptor is not acylated and its expression was not affected by fatty acids.
